to limited understanding of the detailed early life history of fossil and extant craniiforms -a subject that has been studied in only a few recent publications (Nielsen 1991; Freeman & Lundelius 1999; Freeman 2000 Freeman , 2001 Luter 2007) .
The recognition that extant Novocrania is characterised by having a lecithotrophic larval stage is well established (Nielsen 1991 and references therein) , and with few exceptions it has been assumed that this was also a characteristic feature of all fossil craniiforms (e.g. Holmer et al. 1995; Williams et al. 1996) . Freeman & Lundelius (1999) published the only detailed study into the earliest ontogeny of Early Palaeozoic Craniiformea and concluded that they all showed evidence of a planktotrophic life history, with preserved larval shell.
Here we demonstrate that lecithotrophy evolved early in craniiform phylogeny, as evidenced in Early Palaeozoic taxa. The attachment of the earliest craniiform larva also shows strong similarities with the enigmatic attachment structures of strophomenate brachiopods, which are clearly not homologous with the pedicle of extant Rhynchonelliformea , and in a wider perspective this type of attachment may also be homologous with the umbonal perforation and colleplax of the Chileata ). However, unlike the craniiforms, all strophomenates and chileates have planktotrophic larvae, and planktotrophy is most probably plesiomorphic for all Brachiopoda and other Cambrian metazoans (e.g. Freeman & Lundelius 2005; Raff 2008 ).
Materials and methods
All brachiopod specimens used in this study were isolated and picked from residues after washing and sieving soft clay in water; no chemicals were used in the process. The majority of the craniide and craniopside shells have been affected to a varying degree by secondary alteration because of neomorphism of high-magnesium calcite during early diagenesis (for details see Williams & Cusack in Williams et al. 2007) , whereas shells of strophomenides and orthides from the same 4 localities have a well preserved original shell structure, including the microgranular primary shell layer of Bassettorthis (Bassett et al. 2008b, Fig. 2; Zuykov & Butts 2008, Figs 2.20, 21) .
However, the altered remnants of a primary layer with characteristic radially aligned laths expressed on the surface (e.g. see Williams & Cusack in Williams et al. 2007 ) is well preserved in our studied craniide and craniopside specimens (e.g. Fig. 1 ).
For detailed examination of shell fabrics, specimens were cleaned ultrasonically and subsequently etched in 2% EDTA for 5-15 minutes. After coating with gold palladium they were studied under a scanning electron microscope using a Cam Scan MaXim 2040S SEM with variable vacuum chamber.
The following brachiopods were studied: Orthisocrania curvicostae (Huene, 1899) , from the Upper Ordovician, Sandbian, Gryazno Formation, Klyasino Quarry, western St Petersburg region, Russia (locality K-2 of Zuykov in Zuykov & Butts 2008) . Novocrania anomala (Müller, 1776) , Recent, Gullmaren Fjord, west coast of Sweden. Craniops implicata (Sowerby, 1839 ) from the Silurian, Wenlock, Mulde Formation of Fröjel, Gotland, Sweden.
Figured specimens are housed in the National Museum of Wales (NMW) and Naturhistoriska Riksmuseet, Stockholm (RM).
Terminology
The first and earliest identifiable stage in the ontogeny of the brachiopod shell is the protegulum, which Williams et al. (1997) defined this term as the 'first-formed shell of periostracum and mineralised lining secreted simultaneously by both mantles'. However, subsequent studies indicate that this definition is now somewhat misleading, because it has been reported that the protegulum in some brachiopods was not secreted by both mantles simultaneously and may not be mineralised Holmer et al. 2009 ). Freeman & Lundelius (2005, p. 221 ) discriminated between an embryonic and a larval protegulum. The latter, in application to the craniiform and rhynchonelliform brachiopods, was applied to the shell formed by the end of metamorphosis and usually defined by a halo. Therefore to avoid further confusion here it is termed as the metamorphic shell, since it is exhibits peripheral growth during metamorphosis in both fossil and living craniiforms (Nielsen 1991; Popov et al. 2007 ). This corresponds to first formed shell as used by Popov et al. (2007;  see also Williams 2003) , but as noted by these authors it is not equivalent to the protegulum as defined by Williams et al. (1997) . It is likely that the metamorphic shell in craniiforms is defined by the dorsal halo, and it was not secreted simultaneously over the whole surface by the outer mantle epithelium.
The next preserved stage in the ontogeny is usually termed the brephic shell, and this stage has been interpreted somewhat differently in various publications. It was broadly defined by Williams et al. (1997, p. H425) as 'juvenile stage in shell development following secretion of protegulum…, it can be distinguished from protegulum by presence of growth lines and from neanic shells by absence of radial ornament'. In that broad definition the term was applied recently to the description of the ontogeny of siphonotretides ) and the enigmatic brachiopod Salanygolina ). However, this definition lacks precision because it may include also the shell that is formed after secretion of the protegulum, but before termination of metamorphosis, so can be applied therefore both to the metamorphic and early postmetamorphic stages of shell growth, which may also include larval shell formed during the free swimming stage of planktotrophic larvae. Freeman & Lundelius (2005) restricted the term brephic shell to the growth stage after metamorphosis was completed, and that practice is followed here. Thus, the brephic shell of craniiforms was characterised by the formation of a cicatrix attachment by the surface of the ventral valve and it shows direct evidence of accretionary growth, which was controlled by the 6 adult mantle. This includes the formation of a primary layer with radially arranged laths. It is distinguished from the remainder of the adult shell by a distinctive change in shell secretion and the onset of adult ornamentation.
How to recognise lecithotrophy versus planktotrophy in extinct craniiforms? Chuang (1977) postulated that the embryonic, larval and post-metamorphic shells in Recent organophosphatic linguliform brachiopods can be delineated clearly by simply studying the pattern of discontinuities (termed halo by Chuang 1977) in shell growth visible on the shell surface, and commonly also by the different surface textures of the larval and post-metamorphic shell. This approach was adopted subsequently in studies into the early ontogeny of well preserved fossil linguliform brachiopods (e.g. Holmer 1989; Williams 2003) . Subsequently, studies were also expanded to fossil calcareous-shelled brachiopods (Freeman & Lundelius 1999 Popov et al. 2007; Bassett et al. 2008a, b) , and Freeman & Lundelius (1999) published a pioneering study of Early Palaeozoic Craniiformea. By studying the pattern of surface discontinuities, the latter authors concluded that the transition from planktotrophy to lecithotrophy in craniide larvae had not occurred earlier than the Jurassic.
More recent studies have pointed to the problems of directly applying Chuang´s (1977) method of interpreting surface discontinuities in ontogenetic studies of fossil craniiforms and rhynchonelliforms. Popov et al. (2007) stressed that calcareous-shelled brachiopods are subject to a completely different set of taphonomic pathways by comparison with the organophosphaticshelled linguliforms, because their valves consist of high magnesium calcite. This mineral is somewhat unstable and has a tendency towards re-crystallisation, resulting in a significant alteration of the original shell matrix, which is sometimes confusing structurally and can be mistakenly interpreted as the result of biogenic shell secretion and resorption (Cusack & Williams in Williams et al. 2007; Popov et al. 2007 ). Moreover, calcareous-shelled brachiopods have a different succession of changes in shell secretion associated with initial attachment and the relative timing of secretion of dorsal and ventral valves (e.g. Williams et al. 1997) , and proving or disproving the existence of an organic embryonic shell or protegulum in extinct craniiforms is difficult even in otherwise perfectly preserved specimens ).
The end of metamorphosis in rhynchonelliforms and craniiforms coincides with the first differentiation of adult mantles and appearance of adult mantle setae (which are absent in extant craniiforms; Williams et al. 2007) . Popov et al. (2007) showed that these changes cannot be interpreted by simply investigating the surface pattern of growth discontinuities, but they must also be traced through detailed studies of changes in the shell microstructure, including ornament and arrangement of secondary shell structural elements, such as fibres and bladed or tabular laminae.
As noted by Williams & Cusack (in Williams et al. 2007 , p. 2486 , it is possible to observe the primary shell layer in some fossil craniides, which as in extant Novocrania comprises a succession of laminar sheets. This pattern is expressed on the external surface as radially arranged laths (Figs 1B, D, G, H), which can be recognised even in specimens that have gone through partial re-crystallisation of the shell. In particular, the laths are well preserved both in Orthisocrania (Figs 2E-G) and craniopsides (Fig. 3C , D) and can be used for discrimination of inner boundaries of the post-metamorphic shell, signifying the first evidence of accretionary growth. Williams & Cusack (in Williams et al. 2007 , Fig, 1571a also showed that the dorsal valve in Recent Novocrania has a distinct halo, forming around the first metamorphic shell, which is about 240μm wide and develops up until the fourth day after settlement. No distinct protegulum can be observed within the metamorphic shell.
Early ontogeny of Early Palaeozoic Craniiformea
Orthisocrania 8 The umbonal region of well preserved adult dorsal valves of Orthisocrania curvicostae has a smooth circular area, about 260μm across and defined by a distinct halo, which is here considered to form the outer boundary of the metamorphic shell. The early post-metamorphic (brephic) shell is defined by a strong growth ring, about 750-800μm wide; fine, distinctive growth marks are developed here, as well as radially arranged laths, but the brephic shell lacks the strongly developed, raised radial ornamentation of adult shells (Fig. 1G ). The adult shell is marked by the appearance of the strongly raised radial ornament (Fig. 1E, F 
, H).
The diameter of the metamorphic shell corresponds closely to the size of the attachment scar in the umbonal area of the ventral valve. In one specimen the shape of the attachment scar indicates that the larva first settled on a loose cylindrical bioclast, which then appears to have shifted position, causing a shift in the pattern of shell secretion, which again indicates the onset of accretionary shell growth (Fig. 2D) . The attachment scar has a central flattened circular area, about 240-260μm across, which probably gives an approximate indication of the shell size at the time of the first mineralised ventral valve secretion. This area definitely exceeds the size of a true protegulum, and it is somewhat larger than the metamorphic shell in Novocrania as developed three days after settlement (~190μm across; Nielsen 1991, fig. 15c ). An even smaller circular area, about 80μm in diameter, may well represent the initial attachment scar of the Orthisocrania larva (Fig. 2H) . It is comparable in size with the dorsal protegulum of extant Novocrania formed shortly after settlement (Nielsen 1991) The surface microstructure of the secondary shell within the attachment scar does not show any distinct adult tabular lamination, which is evident outside the outer boundary of the scar. This may suggest that the secretion of the secondary shell in Orthisocrania was suppressed during formation of the attachment scar. Alternatively, in the initial growth stages the ventral valve might have been entirely organic in composition.
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All characters of early shell growth in Novocrania and Orthisocrania are remarkably similar in size and shell structure and all evidence points to the lecithotrophic nature of the Orthisocrania larva. In contrast to the analysis of Freeman & Lundelius (1999) , this suggests that formation of the outer growth ring in the juvenile post-metamorphic (brephic) shell of Orthisocrania coincides with a significant change in regime of shell secretion in the ventral valve, but not with a transition from a pelagic to sessile mode of life.
Craniops
In the dorsal valve of Craniops implicata, the earliest preserved stage in ontogeny is represented by an almost circular area 85-90μm in diameter (Fig. 3H ). This area is evenly convex and smooth, without any folding and ornamentation and is bounded by a distinct halo; this is interpreted here as representing the metamorphic shell. The surrounding post-metamorphic (brephic) shell is about 550-600μm across, defined by the first strong growth lamella. The surface of the metamorphic shell has a pattern of fine, radially arranged laths, which suggests the onset of the adult shell secretion, with differentiated primary and secondary layers.
Similarly, the ventral umbo has a circular area about 90-95μm wide, with a depressed central zone bounded by an elevated rim; this zone most probably corresponds with the earliest attachment area of the larva (Fig. 3A-C, F) . The ventral post-metamorphic shell coincides with the area of the cicatrix, which is about 550μm wide, defined by an outer initial strong growth lamella.
The cicatrix is usually flattened or gently concave and in some specimens has an uneven surface and growth disturbances, reflecting an uneven surface of the substrate (Fig. 3G) . It also has the distinct, radially arranged lath pattern characteristic of the adult shell.
An identical pattern of ontogeny can be observed on the conjoined valves of Craniops sp.
(erroneously named Pholidops) described by Freeman and Lundelius (1999, fig. 3G, H) . They interpreted the circular area in the ventral valve, about 130μm in diameter, as a rudiment of the embryonic shell, but we consider it to represent the primary attachment scar formed shortly after settlement, when differentiation of the ventral larval mantle was already completed. It is about the same size as the 'protegulum' in the dorsal valve shown by Freeman and Lundelius (1999, fig.   3H ), but this is most probably not the embryonic shell, but was formed after settlement because it corresponds closely with the area of cicatrix attachment in the ventral valve.
Thus there is no evidence that the ontogeny of Craniops included a prolonged free swimming stage as suggested by Freeman and Lundelius (1999) , because the region of the craniopside shell between the halo and the first strong growth lamella already shows differentiation into primary and secondary layers, and the cicatrix attachment structure reflects the surface of the substrate. It is also evident that the shell outside the halo is post-metamorphic and that dorsal valve within the halo corresponds to the metamorphic shell. The absence of deformation and lobation on the surface of the metamorphic shell may suggest that it was at least partly mineralised, unlike the larval shells of paterinides (Williams et al. 1998 ) and the first formed shells of polytoechioids and other strophomenates ).
The precise interpretation of the ventral metamorphic shell is more speculative. It was most probably secreted by the larva when it was attached to the substrate, which may suggest a delay in ventral mantle differentiation as seen in Recent craniides. However, there is virtually no variation in size and shape of the metamorphic shell within the studied ventral valves, and it is comparable in size to the dorsal metamorphic protegulum ( Figs 3A, C, F, H) . Thus it is possible that both valves were secreted almost simultaneously, late in metamorphosis, and the size of the metamorphic shell of Craniops is well within the range of the brachiopod egg size of extant Novocrania, which has a lecithotrophic larva. The initial secretion of the shell occurred after settlement, when the animal became attached by the ventral side of the body, but unlike in Recent craniides the ventral valve was secreted almost simultaneously or shortly after the formation of the dorsal metamorphic protegulum. Given these factors, the larva of Craniops was most probably lecithotrophic and the protegulum formed after settlement.
Early ontogeny of Recent Novocrania
The embryology of Recent craniides has been described by Nielsen (1991) for Novocrania, and early post-larval stages are known from the description by Rowell (1960) . The cleavage of the eggs of Novocrania is holoblastic and radial. The gastrula is formed by invagination of the thickened side of the blastula. Nielsen (1991 Nielsen ( , 2005 suggested that the mesoderm in Novocrania formed from the posteroventral part of the archenteron through modified enterocoely. However, Freeman (2000) demonstrated, through observations on regional specification during embryogenesis, that the mesoderm is formed through multipolar cell ingression from the archenteron. Lüter (in Williams et al. 2007 Williams et al. , p. 2344 Williams et al. -2347 suggested (based on an unpublished ultrastructural study by Grobe 1999) that there is a continuous mesodermal layer, which to some extent is compressed by setal sacs, and that a separation of coelomic compartments does not take place throughout early larval development of Novocrania. Coelomic separation into two pairs of compartments then occurs shortly before settlement and they still stay in contact. Thus, the supposed trimeric body plan cannot be confirmed for larvae in any groups of brachiopods (for further discussion see Lüter in Williams et al. 2007 , p.2350 .
At a somewhat later stage the blastopore is closed on the posterior end of the larva. A fullgrown larva is characterised by three pairs of dorsal setal bundles. The larva of Novocrania is lecithotrophic and has a very short free-swimming stage. In a short time before settlement, the larval body becomes strongly curved ventrally by the contraction of the lateroventral longitudinal muscles extending from the anterior pair of coelomic pouches along the underside of the endoderm to the posterior end of the larva. It settles on the fourth day after fertilisation and is attached by the posterior part of the body, with the attachment area situated dorsally to the position of the closed blastopore (Nielsen 1991 (Nielsen , 2005 .
Both valves are secreted after settlement, with a significant delay in the secretion of the ventral valve. There is a circular glandular area about 50μm in diameter on the dorsal side of a full-grown free-swimming larva. On settlement, the dorsal protegulum is about 70-80μm in diameter. There is no ventral protegulum. Nielsen (1991) briefly stated that the ventral valve was secreted from a single epithelial area situated on the dorsal side of the larva, but there is no detailed documentation or illustration in support of this suggestion and it well may be an observational artefact, as discussed further below.
The differentiation of the lophophore and internal organs (such as a nervous system, nephridia and gonads) are still unknown for craniids, but it is clear that the lophophore is also formed after settlement (Nielsen 1991) .
A median tentacle is present at the growth stage with 3 pairs of lophophore tentacles, but it is lost before the time when the lophophore has acquired 6 pairs of tentacles (Rowell 1960; Chuang 1974) . The presence of a median tentacle in the lophophore of juvenile Novocrania was questioned by Lüter (in Williams et al. 2007 ) based on the observations of Nielsen (1991);  however, this is difficult to understand since Nielsen (1991, p. 23) clearly stated that he did not study the differentiation of the lophophore in Novocrania.
An open mouth is first identifiable at the stage with three pairs of lophophore tentacles (Rowell 1960; Nielsen 1991) . According to Rowell (1960) the intestine ends blindly before the animal has acquired 5 or 6 pairs of cirri.
Discussion and phylogenetic implications
Recent studies of strophomenate brachiopods Bassett et al. 2008a, b) , siphonotretides ) and the enigmatic chileid-like Salanygolina (Holmer et al. 13 2009) suggest that both the pattern of ontogenetic succession and probably the larval body plan of the craniiforms can be found outside of the Subphylum Craniiformea. Although all these Early Palaeozoic brachiopods differ from craniides and craniopsides in having a planktotrophic larva, they have a remarkably similar pattern of metamorphosis, which occurs after settlement. It includes the following characteristic traits: (1) the early loss of larval attachment on the posterior part of the body, which is (2) replaced at the end of metamorphosis by a unique type of attachment that forms from structures secreted by the ventral mantle, as well as (3) a significant delay in the ventral mantle differentiation and secretion of the ventral valve. In addition, all these groups had two pairs of setal sacs identical to those of the newly settled larva of Novocrania; therefore this feature was probably inherited from a free swimming stage.
In particular, the ontogeny described from the strophomenate (billingsellide)
Antigonambonites is closest to that of Early Palaeozoic craniiforms, since it also lacks evidence for a juvenile pedicle attachment . In contrast, the ventral brephic shell of Salanygolina has a posterior flange, which may suggest that the earliest attachment was by a posterior pedicle that later atrophied and was replaced by an attachment structure that emerged through the umbonal perforation ). This type of change in attachment has been described also from the Upper Cambrian siphonotretide Siphonobolus ), but in Siphonobolus, the larval pedicle was replaced early in metamorphosis with an attachment by the modified ventral mantle, emerging through the umbonal perforation, whereas in Salanygolina this replacement probably took place at the end of metamorphosis ).
Although the craniiforms lack a true trimeric larva, adult Novocrania can be regarded as a 'functionally trimeric' animal; their hydrostatic coelom is subdivided into the following three compartments, each controlled by muscles: (1) the great brachial canal; (2) body cavity; and (3) a small, undivided coelomic cavity (so-called 'Analkammer' after Blochmann 1892) in the posterior end of the body. Nielsen (2005, p. 427) refers to this morphological feature as '… the small fourth 14 pair of coeloms observed lateral to the rectum' in Novocrania. As pointed out by Starobogatov (1979) , this terminal posterior part of the body may be homologous to the pedicle lobe of the rhynchonelliform larva, which long ago lost its primary function for attachment after settlement. Thus, it is also possible that the larva of Salanygolina and the siphonotretides had a pedicle lobe, containing a coelomic cavity, which was homologous to the pedicle lobe of rhynchonelliform larvae and used for larval attachment on settlement.
Similarities in the ontogeny of craniides, craniopsides, strophomenates, siphonotretides, and chileid-like forms like Salanygolina indicate that the general characters of ontogeny and probably the general body plan of the larva observed in extant craniides were established already by the early Cambrian. However, most evidence currently points to the fact that planktotrophy is plesiomorphic for all Brachiopoda and other Cambrian metazoans (e.g. Freeman & Lundelius 2005; Raff 2008) , and the lecithotrophic larvae of craniides and craniopsides are probably apomorphic; further derived characters also include the lack of a differentiated larval pedicle lobe, which is shared with the strophomenates. Thus, the interpretation by Carlson (in Williams et al. 2007 , p. 2899 ) that the absence of a pedicle constitutes a primitive state in craniiforms and rhynchonelliforms is highly unlikely. Williams et al. (1998) described the larva of the Paterinida, a group which also shares many characteristic traits with the craniiforms, strophomenates, and Salanygolina: e.g. the planktotrophic larva of the paterinides also had two pairs of larval setal sacs, and the brephic shell shows a large posteromedian gap between the valves, which could only have accommodated a pedicle rudiment. However, in all known derived paterinides, the earliest pedicle was functional throughout ontogeny, as shown by attached specimens from the Burgess Shale (e.g. Briggs et al. 1994) . Thus it is possible that the adult pedicle in paterinides was homologous to the larval pedicle of Salanygolina and siphonotretides, as well as to the posterior part of the larval pedicle lobe and the adult pedicle of rhynchonellate brachiopods.
It is not immediately clear why the paterinide type of pedicle would have been lost secondarily in craniiforms and strophomenates, but the following two scenarios can be proposed, which do not necessarily exclude one another: (1) Popov et al. (1993) and Holmer et al. (1995) pointed to the fact that rhynchonelliform and craniiform brachiopods lack dermal muscles -a feature that tends to substantially weaken the robustness of the body wall. Late Cambrian strophomenates (billingsellides) and Ordovician craniiforms (e.g., craniides and trimerellides) were most abundant in the shallow tropical shelves of Gondwana and Laurentia -environments that would have been affected by seasonal storm activities (Bassett et al. 2002) , and therefore they may have been under strong selective pressure to adopt an encrusting or ambitopic life strategy as adults. This may have resulted in an early reduction of the larval pedicle, to be replaced progressively earlier in ontogeny by an encrusting mode of attachment, or finalising in an ambitopic mode of life, which is evident in Early Palaeozoic craniiforms and strophomenates. (2) An alternative pathway was that a pedicle attachment was retained from earlier types of attachments inherited from stem group brachiopods, such as the sessile tube-dwelling Eccentrotheca , the more brachiopod-like Micrina , Paterimitra , and the even more enigmatic Anomalocalyx (Brock 1999) . Zhang et al. (2007) described the first possible Kutorgina with preserved soft tissue from the Early Cambrian Chengjiang fauna. It is relevant to note that Kutorgina has a strong, well preserved pedicle emerging between the valves. Silicified specimens of Early Cambrian Kutorgina from other areas have a pseudodeltidium and a small umbonal ventral foramen, which was generally considered as a pedicle opening (e.g. Popov et al. 1997) , but unfortunately these characters are not seen clearly in the specimens from Chengjiang. If the ventral umbonal foramen and pseudodeltidium of kutorginides and chileides are indeed homologous, the most probable explanation is that the adult pedicle in kutorginides was derived from the larval pedicle lobe, possibly through hypermorphosis, while the ventral umbonal foramen represented the atrophied rudiment of the ancestral adult attachment structure. Thus the pedicles of kutorginides and rhynchonellates may possibly be homologous, and it may well be that the pedicle attachment in kutorginides and the later rhynchonellates evolved via the acquisition of a connective or cartilagelike tissue in the larval pedicle (Popov in Williams 2007 , p. 2848 . This may then have resulted in the degeneration of the coelomic space in the pedicle, which was replaced gradually by a new and more robust supporting structure. It is more probable, however, that kutorginides retained a rudimentary coelomic space in the pedicle and posterodorsally located anus (Rowell and Caruso 1985; Zhang et al. 2007 ) and therefore show transitional morphology between the chiliates and rhynchonellates.
Both Early Palaeozoic and Recent craniiforms completely lack any preserved traces of a ventral valve forming prior to settlement, with secretion of the ventral valve occurring only after attachment to the substratum. The dorsal larval shell of Antigonambonites does not show any trace of a median mound, but a median mound is present in the strophomenide Leptaena (Bassett et al., 2008a, fig. 1L , P. S) suggesting that at least in some early strophomenates a dorsal protegulum was already secreted sometime during the free swimming stage of development. However, all such structures are lacking in the ventral valve of strophomenates and Salanygolina. By contrast, Late Cambrian siphonotretides have minute dorsal and ventral valves about 50-60μm across, which may well represent a protegulum that formed already by the end of the embryonic stage , and the growth of the earliest siphonotretide dorsal valve shows distinct similarities with Early to Mid Cambrian paterinides described by Williams et al. (1998) . By contrast, in paterinides, the bivalved larval shell was probably formed prior to settlement and both valves underwent continuous peripheral growth. Therefore, the delayed formation of the ventral valve as typified in the Early Palaeozoic craniiforms and strophomenates can be interpreted most probably as an apomorphic state.
Conclusions
(1) Lecithotrophy is an apomorphic character found in all examined Early Palaeozoic Craniiformea.
(2) Planktotrophy is plesiomorphic for all Brachiopoda.
(3) The early attachment of the craniiform larva is very similar and probably homologous to the attachment structures of strophomenate brachiopods, as well as to the ventral umbonal foramen and colleplax of chileides, Salanygolina, and siphonotretides.
(4) The attachment mechanism of the craniiform larva is not homologous to the pedicle attachment of extant Rhynchonelliformea. 
